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A great deal of study has been devoted  by many observers to the
r6le  of  the  ductless  glands  in  the  body  metabolism.  Many  inter-
esting and  practical  discoveries  have  resulted,  such  as the isolation
of thyro-iodin  from the thyroid gland by Bauman,  the  discovery  of
the  iodine  containing  globulin  of  the thyroid  by  Oswald,  and  the
blood-raising  constituent  of the  suprarenal  capsule  by Abel.  The
acquisition  of this  knowledge  has  helped  to some  extent  to  make
clear  the  action  of these  glands,  more  especially  the  thyroid,  and
has brought  with it important therapeutic  advancement.
During the  last  few  years,  the belief  has been  steadily growing,
that  besides  a  direct  specific  effect,  the  ductless  glands  have  some
regulating  action  on one  another,  i. e.,  that  they are  correlated  in
some  way.  Accordingly  investigations  have  been  undertaken  to
study the effects  produced  on  one ductless  gland by disturbances  in
the normal action of another  ductless  gland.  Furthermore,  clinical
findings in  diseases of these  glands have brought  forth many  inter-
esting  observations,  which  strongly  suggest  that an  impairment  in
the  function  of  one  ductless  gland  disturbs  to  no  small  degree  the
action  of the  others.
The  Vienna  School  (I),  Falta  Eppinger  and  Rudinger,  have
devoted  especial attention to the study of the inter-relationship of the
ductless  glands,  and  in  an  interesting  series  of  experiments  have
brought  to  light  some  important  observations.  These  have  been
grouped  conveniently  into  a  schema,  which  embodies  the  author's
ideas  regarding  the  inter-relationship  of  the  pancreas,  thyroid  and
the chromaffin  system.
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I. The  thyroid and  pancreas  mutually  retard  the  action  of  one
another.
2.  The pancreas  and chromaffin system mutually retard the action
of one another.
3.  The thyroid,  and  the chromaffin  system  mutually  increase  the
action of one  another.
It  is our purpose  to consider  in  this  article  only  the  antagonism
between  the pancreas  and  the  thyroid,  and  to  reserve  for  a  subse-
quent communication the results of some observations that are being
made  on  the  relationship  of the  adrenals,  and  parathyroids  to  car-
bohydrate  metabolism.  The  clinical  study  of  disturbances  in  the
function  of  the  thyroid  glands  has  strongly  indicated  some  rela-
tionship of this gland to the  metabolism  of carbohydrates.  In  two
diseases  of  the thyroid  gland  the  metabolic  disturbances  are  strik-
ing  and  almost  diametrically  opposed.  I  refer  to  exophthalmic
goiter  (hyper-thyroidism)  and'myxedema  (hypo-thyroidism).
In exophthalmic goiter spontaneous  glycosuria has been  observed
by F.  Kraus  (2)  and  Ludwig  and Chvosteck  (3)-  Moreover,  the
administration  of  small amounts  of carbohydrates  in this condition
produces alimentary glycosuria.  In some experiments  conducted by
Gray  and  DeSautelfe  in  this  laboratory,  it  has  been  shown  that
the glycosuria produced  by the administration  of ether  is materially
influenced  by  extirpation  of  the  thyroid.  When this  gland  is  re-
moved  the amount of glucose put out  in the urine, under  the above
conditions,  is  strikingly  less,  showing  that  when  the  restraining
influence  of  the thryoid  is  thus  removed  the  pancreas  is more  effi-
cient for carbohydrate  destruction.
Von  Noorden  (4)  has  observed  diabetes  with  Grave's  disease
four  times.  Evidently  increase  in  thyroid  activity  makes  the  nor-
mal use  of carbohydrates  more difficult.
In  another  disease  of  the  thyroid,  myxedema,  the  occurrence
of  spontaneous  glycosuria  (5)  is  so  rare  as  practically  never  to
occur.  Furthermore,  Hirschl  (6)  found that in  an outspoken  case
of myxedema  the administration  of even  from 200 to 500 grams  of
grape sugar did not produce  alimentary glycosuria.
Kn6pelmacher  (7)  has  confirmed  these  findings  and  has  shown
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as  improvement  takes  place  under treatment  with  thyroid.  In  the
experiments  in  which  he  sought  out  the  inter-relation  of the  vari-
ous  ductless  glands  Falta  employed  the living  animal  and  resorted
to  extirpation  of glands  and  injections  of  the  active  substances  of
glands  to  obtain  his  conditions.  Such  procedures  in  animals  arce
difficult  and  the  conclusions  to  be  drawn  are  not  always  clear  cut,
particularly  after  injection  of  adrenalin.  So  it  seemed  advis-
able  to  employ  some  simpler  method  of investigation,  in  which,  if
possible,  the action  of  organs  other  than  those  under  investigation
might be  eliminated,  particularly  that of the nervous  system.  The
methods  which  Cohnheim used for studying the action of pancreatic
and  muscle  juice  on  the  consumption  of  dextrose  offered  a  con-
venient  means  of  attacking  the  problem.  This  work  has  been
confirmed  by  that  of  Hall  (8)  and  has  the  advantage  of  dealing
with  simple  conditions.
EXPERIMENTS.
The  object  with  which  the  following  series  of experiments  was
undertaken  was  to find  out if the  thyroid  gland  had  any  influence
on the action of muscle juice and pancreatic  juice in breaking down
dextrose.  Dogs were  the  animals used  in these studies.
The method of conducting the experiments  was briefly as follows:
The  first procedure  was to  secure  the  muscle,  pancreas  and  thyroid
to be used.  The  technique  of  Cohnheim  (9)  was  in  the  main  fol-
lowed  here and  dogs  were  etherized,  bled to death,  and  then trans-
fused  with  Ringer's  solution to  get  rid of the  serum,  which  Cohln-
heim  has  shown  retards  the  action  of  muscle  and  pancreatic  juice
on  dextrose.  The  muscle  was  then  collected,  carefully  cleaned  of
fat and  protected  from  action  of  bacteria  by  toluol.  In  a  similar
way the pancreas and thyroids were obtained.  The muscle was now
finely ground  and  mixed  thoroughly,  and  in  like  manner  the  pan-
creas,  so that in the mass of ground pancreas  the islands of Langer-
hans  were  equally  distributed.  Then  a weighed  amount  of mixed
muscle,  and  a  weighed  amount  of  mixed  pancreas  were  placed  in
linen  bag with the  addition  of  some  washed  sand,  and  the muscle
juice extracted in a Biichner press at a pressure of 300 atmospheres.
Equal amounts of juice were collected in parallel experiments.  The
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juice was received  in  a beaker  containing abundant toluol.  To this
juice  was  now  added  a  weighed  amount of  pure  dextrose  and  the
mixture  thoroughly  shaken.  The  dextrose  content  of the mixture
was  then  determined  from  a  sample  and  the  remaining  juice  in  a
stoppered  bottle  incubated  for  five  and  a  half  hours  in  a thermo-
stat at from 370  to 380  C.  An acid reaction  of the juice was  con-
trolled  by  addition  of  sodium  carbonate.  After  this  time  had
elapsed  the juice  was  removed  from  the thermostat,  and after pre-
cipitating  out  the  proteids by  sodium  chloride acetic  acid  and heat,
the  dextrose  remaining  in  the filtrate  was  determined.  Benedict's
(Io)  method  for  the  quantitative  estimation  of  sugar  was  used
throughout.
In  the  same  way  the  weighed  thyroid  glands  of  the dog,  from
which  the  muscle  and  pancreas  were  obtained,  were  added  to  the
same  amount  of  muscle  and  pancreas,  and  the  juice  of  the  com-
bined  three  was  extracted.  The  action  of  this  juice  on  dextrose
was  investigated  in  the same  manner.  Particular  care  was  exer-
cised  to  remove  any  traces  of  parathyroids  from  the  thyroid,  so
that  the  results  would  be  strictly  attributable  to  the  action of  the
thyroid alone, and also the juices  were protected  at all times by suffi-
cient  and  equal  amounts of  toluol, to  avoid  any  action  of  bacteria.
Hall, in employing  a similar technique  of protecting his juices  with
toluol, proved the sterility of his mixtures both to aerobic and anaer-
obic  microorganism.  In  the  juices  used  in  this  series  of  experi-
ments there appeared  at no  time any evidence of  activity of  micro-
organisms.  A  series  of  seven  experiments  were  carried  out after
the  above  outlined  manner  and  some  interesting  facts  were  dis-
covered.  A protocol  of  one  of the experiments  will  be given,  and
then the rest  expressed  in tabular  form,  in  order to bring out more
sharply the effect of the addition of the thyroid.
EXPERIMENT  NO.  I.
Juice  from  130  gm.  muscle + 8 gm.  pancreas  gave  40  c.c.  juice;  4 gm.  dextrose
were  added.
(a)  Dextrose  at  once ................... 0.................  4.ooogm.
Dextrose  after  incubation  of  5  hours .....................  2.41I  gin.
Dextrose  destroyed  ........................  1.589 gin.John  H.  King.  669
(b)  Juice  from  I30  gnm.  muscle + 8  gm. pancreas +  1.4  gmin.  thy-
roid  gave  40  c.c.  juice;  4  gm.  dextrose  were  added.
Dextrose  at  once .........................................  3.980 gm.
Dextrose  after  incubation  of  5  hours ....................  3.230 gin.
Dextrose  destroyed  ...................  .....  .750 gmin.
Result:  (a)  Dextrose  destroyed  ..................  I.589 gm.
(b)  Dextrose  destroyed  ...................  o.750ogi.
Marked  retardation  by  thyroid.
TABLE  I.
Effect  of  Normal Thyroid.
EXPERIMENT  No.  I.
I30 gm. muscle +  8 gm. pancreas  destroyed  1.589  gm. dextrose.
130 gm. muscle  +  8 gm. pancreas  +  1.4  gm. thyroid  destroyed  o.769  gm. dextrose.
EXPERIMENT  NO.  II.
2o gm. muscle +  gm. pancreas  destroyed  1.I31  gm. dextrose.
200o gm. muscle +  II gm. pancreas +  I.2  gm. thyroid  destroyed  0.450  gm. dextrose.
EXPERIMENT  NO.  III.
20o  gm. muscle +  4 gm. pancreas  destroyed  1.237  gm. dextrose.
200 gm. muscle +  4 gm. pancreas + o.630gm. thyroid destroyed  o.673  gm. dextrose.
EXPERIMENT  NO.  IV.
200oo  gm. muscle +  I2 gm. pancreas  destroyed  I.041  gm. dextrose.
2oo gm. muscle +  I2 gm. pancreas + I.0  gm. thyroid  destroyed  0.422  gin. dextrose.
EXPERIMENT  No.  V.
200 gm. muscle +  12  ginm.  pancreas  destroyed  1.4I  gin.  dextrose.
200 gm. muscle +  I2 gmin.  pancreas  +  I.I  gmin.  thyroid  destroyed  o,485  gm. dextrose.
EXPERIMENT  NO.  VI.
2oo gm. muscle +  12 gm. pancreas  destroyed  o.0630  gnm.  dextrose.
200 gmin.  muscle +  I2 gm. pancreas +  1.  gm. thyroid  destroyed  o0.10o3  gm. dextrose.
EXPERIMENT  NO.  VII.
200 gm. muscle +  12 gm. pancreas  destroyed  o.630  gm. dextrose.
20o gmn. muscle +  I2 gm. pancreas +  1.5  gm. thyroid  destroyed  o.x86 gm. dextrose.
It will  be  seen  from  this  series  of  experiments  that the thyroid
has  a  very  definite  retarding  action on  the breaking  down  of  dex-
trose  by  muscle  and  pancreatic  juice,  and  this  action  can  be  here
safely  attributed  to  the  thyroid  and  to that  gland  alone,  since  the670  Influence of  Thyroid on  Carbohydrate Metabolism.
experiments  differed  only  in the presence  in  one  sample of juice  of
thyroid  and  its  absence  in  the  other  corresponding  sample.
It  was  now  of course  of interest  to  study  further  the  action  of
the  thyroid  with reference  to whether the  substance responsible  for
its  retarding  action  was  a  thermostable  or  thermolabile  substance,
or  in other  words whether  the phenomenon  was  in the  nature of  a
ferment action.  A series  of experiments  was  therefore undertaken
to elucidate  this point.  The  same technique  as  in the above  experi-
ments  was employed,  except  that the thyroid  was boiled before  the
juice  was  extracted  from  it,  instead  of being  extracted  just  as  it
comes  from the animal.  The results of the study are of interest.
TABLE  II.
Effect  of  Boiled Thyroid.
EXPERIMENT  No.  VIII.
I50 gm. muscle +  6 gm. pancreas  destroyed  1.280 gm. dextrose.
ISO gm. muscle +  6 gm. pancreas + 0.3 gm. boiled thyroid
destroyed 0.657 gm. dextrose.
EXPERIMENT  No.  IX.
200 gm. muscle +  io  gm. pancreas  destroyed 0.940 gm. dextrose.
200 gmn.  muscle +  o gn. pancreas +  .2 gm. boiled thyroid
destroyed 0.400 gm. dextrose.
In both cases there has been a marked retardation  by the thyroid.
The  boiled  thyroid  then  exerts  identically  the  same  action  as  the
unboiled thyroid,  i. e., a very definite retardation.  So the substance
is  not of  a  ferment  nature,  but  is  thermostable  in  that  it  resists
vigorous boiling.  Such  findings  naturally  turned  our  attention  to
the  active  substance  of  the  thyroid,  the  iodothyrin  of  Baumanlh,
which  is  a  substance  that  is  thermostable  and  par  excellance  the
specific  metabolic product  of this  gland.  It was  our next object  to
study  the  action  of  this  substance  on  the  destruction  of  dextrose
by  muscle  and pancreatic  juice.  The  same  methods  as  in  all  the
above  experiments  were  used  in this  series.  The  iodothyrin  was
obtained  from the thyroids  of  cows after the method  of  Baumann,
and also  from  a commercial  specimen  of  Merck.  It was  added  in
weighed amounts  in slightly alkaline  solution  (5  c.c.  n/Io NaOH)
to muscle  and pancreatic  juice.  The  results  are  expressed  in tabu-
lar  form.John  H. King.
TABLE  III.
Effect of lodothyrin.
EXPERIMENT  No.  X.
200 gm. muscle +  Io gm. pancreas  destroyed  0.771 gm. dextrose.
200 gm. muscle +  o gm. pancreas  + o.ioo gm. iodothyrin
destroyed o. 173 gin. dextrose.
EXPERIMENT  No.  XI.
200 gm. muscle +  12 gm. pancreas  destroyed  I.o4I gmin.  dextrose.
200 gm. muscle +  I2 gm. pancreas  +  0.200 gin. iodothyrin
destroyed 0.038 gm. dextrose.
EXPERIMENT  NO.  XII.
200 gm. muscle +  12 gm. pancreas  destroyed  .0o4I  gm. dextrose.
200o gm. muscle +  12 gm. pancreas  +  o.I63 gm. iodothyrin
destroyed o.o5I gm. dextrose.
EXPERIMENT  NO.  XIII.
2oo  gm. muscle  +  I2 gm. pancreas  destroyed  1.041 gm. dextrose.
200 gm. muscle +  12 gm. pancreas  +  0.220 gm. iodothyrin
destroyed o.I27 gm. dextrose.
Iodothyrin  acts  just  as  does  the  normal  thyroid  and  the  boiled
thyroid, since it exerts a  marked retarding  influence on muscle  and
pancreatic  juice  in  its  power  of  breaking  down  dextrose.  The
retarding  action  is  more  striking  when  the  active  substance  of  the
gland  is  used than  in  case  of  the  whole  gland.
These  results  therefore  show  that  the  thyroid  gland  influences
definitely  the  carbohydrate  destroying  mechanism  of the body,  and
render  intelligible the clinical  findings  in  myxedema  and exophthal-
mic  goiter.  Increased  activity  of  the  thyroid  we  should  expect
from  the  above  experiments  to  be  associated  with  a  decrease  in
power  of  the  carbohydrate  destroying  mechanism,  and  such  is
clinically  shown  to  be  the  case  by  the  finding  of  glycosuria  in
Grave's  disease.
Decreased  activity  of  the  thyroid  should  on  the  other hand  at
least not diminish the power of the carbohydrate  destructive mecha-
nism  of  the body,  and this  view  is  rendered  very probable  by the
rare  occurrence  of glycosuria  in myxedema,  and in addition, by the
extremely  high assimilation  limit  for  dextrose  in this  condition.
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Here,  indeed,  both  clinical  and  experimental  evidence  agree  in
showing the thyroid has a very definite  control over the metabolism
of  carbohydrates  by  the  body.  Our  experiments  point  out  that
this relationship  is  in the nature of an antagonistic  one,  in that the
carbohydrate  mechanism,  muscle  and  pancreas  is  rendered  less
efficient  when  the  thyroid  enters  into  the  reaction.  Our  results
are in agreement  with  those of  Falta,  who concludes  from  his  ex-
periments  that  the  thyroid  and  pancreas  mutually  retard  one
another.
CONCLUSION.
I.  The  thyroid  exerts  a  retarding  action  on  the  carbohydrate
destroying  mechanism  of the body.
2.  This  retarding action is  not changed  when the gland  is boiled,
showing that it is not  a ferment action.
3. Iodothyrin,  the  active  principle  of  the  gland,  exerts  this  re-
tarding influence  more markedly  even  than the whole  thyroid.
4.  This  antagonism  between  the  thyroid  and  the  carbohydrate
destroying  mechanism  is  a  direct one,  as  other ductless  glands  and
the nervous  system are eliminated  from the experiments.
5. These  results  confirm  those  of Falta  along  similar  lines.
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